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mTRODUOTIQI 

Tlila thesis is the dsTelopment of a method 
of driving the UniTersity Maohine Shop Tools by use 
of Line Shaft Clutches » designed either for use in 
the new shops to be oonstruoted or in the re-arrange- 
aent of the maohine s and methods of driving them in 
the present shops. 

The type of drire is one which is at present 
coming into considerable prominence on account of its 
cheapness of installation and its efficiency • 

The thesis was written with the Tiew to its 
use in the arrangement of the proposed new UniTersity 
Shops • 

The thesis includes a reriew of current 
literature and replies secured in answer to inquiries 
concerning the best and most efficient method of driv- 
ing machine tools » and a layout of the Machine Shop 
in its proposed new arrangement. 
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CEAFfER I. 
WHY IIHE SHAFT CLUTCHES 
ARE BECOMING POPULAR 

BriTlng Haohlne Shop Toole dlreot from line 
ahafting is beooming popular for many reasons, soiae 
of whloh are as follows:* 

Under the fozmer method with Its system of 
shafting and ooonter-shaftlng the overhead por- 
tion of the shops is a tangled mass of belts, 
throwing greasy dust on the oeilings, outting off 
light and oocupying Taluable spaoe. In order to 
take up one of these belts, it is often neces- 
sary to shut down the whole department. An ex- 
ample of an installation is as follows:- 

An actual installation of twenty-eight double 
buffing wheels was driren by the usual counter- 
shaft drive • With ten-foot belt centers the 
materials listed below were used. 

This system was replaced by a direct, clutch- 
drive system. With the same belt centers of ten 
feet as used in the counter- shaft system, the 
following materials were used:- 
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Old ooonter- Hew Line 
Shaft sliaft 
Syatem* Clatoh System 
Pulleys 140 25^ 

Belting - 4" 1288 ft. 644 ft. 

Belts to dress, laoe & take up 56 28 

Bearings to oil & waste power 63 12 

Shaft collars 60 8 

In this installation whioh was hat a small 
one and took in hat one department, the following 
saying was effeeted;- 

112 palleys 

644 ft. 4 in. helting 

51 hearings 

28 loose palleys 

52 shaft collars 

All these materials formerly entered into 
the expense acooont and overhead oost. IThe shop, 
under the new installation, was light and cheerful 
in appearance and oTerhead helts entirely eliminated; 
helt slippage was reduced ahout one -half with a con- 
sequent increase in production, and the single helt 
to each machine can he laced or shortened at will hy 
simply throwing out the clutch. Each machine is ah- 
solutely independent. 
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The best method of dr lying tools Is by the 
group system. A oertain set or olass of maohlne tools 
are all oonneoted to a line shaft and this line shaft 
Is then drlTen hy a steam engine or motor as Is deemed 
advisable • 

IndlTidual motors for driving maohlne shop 
tools have their advantages. They have a wide range 
of speed and are easy to oontrol. Both these things 
are taken oare of In the line shaft drive. An effl- 
olent quick belt shifting device can easily be secured 
which will shift the belts to start or stop the maohlne 
by merely throwing a lever. The range of speed Is taken 
care of by reducing the ratio between the highest and 
lowest cone speeds and then supplementing this reduced 
ratio with additional back gears In order to get the 
required overall range of speed, thereby Increasing 
the belt speeds on all steps but most on the large 
ones where It ±e needed « High belt speeds cost nothing 
and advantage should be taken of the Increased power 
which goes with It. The best method Is then as follows :- 
the first motion shaft to be driven by a constant speed 
motor and the change of speed determined by a selection 
of pulley slses and gears. 

There are some cases where the use of Indi- 
vidual motor drive Is almost Imperative. Cases of 
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this are (1) For portable floor plates where it is the 
only practieahle system; (£) For Isolated tools; (3) 
When the xnaohlne tools are arranged in suoh a position 
that line isthaft layouts for their aocoismodation are 
inoonyenient or iiopossihle. 

In general the increased oost of installation 
of motors prohibits their use* Ihe power capacity of 
the individual motor must be that due to the maximum 
requirement of the machine to which it is attached* 
The machine may demand this maximum load but yery sel- 
dom but the investment in the motor is there for this 
requirement* 

In the group system of line shafting only a 
few of the machines are running at maximum power con- 
sumption at any one time* The result is that the 
average requirement of such a group is but a fraction 
of the sum of the maximum requirements of the individual 
tools « It is, then, only this average power which has 
to be provided for and the commercial efficiency of 
this system is then high as it is generally working 
under about normal load* Efficiency of transmission 
is secured by use of anti-friction bearings of ball 
or roller type to be treated later* 

In brief the advantages of driving machinery 
direct from line shaft can be summed up as follows :- 
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When the oounter-shaftlng is eliminated there is only 
one-half the transmiBsion equipment necessary whioh 
means one-half less initial co8t» one-half less friq- 
tion» one-half less trouble, and repair. MoreoYer, 
under the new arrangement the machine room is much 
cleaner, lighter and neater. 
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CHAPTER II 

LOSSES nr lise shajfthtg 

One of the largest problems in any system 
of line shafting is the elimination of nnnecessary 
losses* Upon the amount of these losses praotically 
depends the efficiency of the entire system. 

Srery factory manager is confronted with the 
triple problem of power generation » power transmission 
and power transformation. It has often been found that 
in many factories all possible economies have been con- 
serred in connection with the generation of power but 
the efficiency of the transmission lines has been en- 
tirely neglected* 

Unless the line shafting is properly aligned 
there will be much waste in transmission. In many 
cases due to this poor alignment only from one-quarter 
to two-thirds of the power generated is effective in 
doing work. Lubrication of Journals and bearings is 
▼ery important as it has been found that the coefficient 
of friction for Journals properly lubricated is one- 
sixth that for poorly lubricated Journals. 

Lines of shafting 100 - 150 feet in length 
are often found to be 6/8 * to 1 l/4 • out of align- 
ment. This explains why 35 ^ loss in friction in trans- 
mission lines is common practice* 
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A very careful InTestlgatlon and numerous 
tests establisli the faot that the aTerage loss of 
power due to f riot ion is about 35 %. The smallest 
friction in a textile plant that has heen found is 
29 1/2 %, the largest 52 ^. It is very common exper- 
ience to find in these plants friction loads of from 
40 % to 42 ^# Of course, this condition directly 
affects the cost of operating* and recent tests also 
tend to proTe that it affects the output materially. 
This friction is not altogether due to the shaftings 
that is, the pressure at the boxes, but it is also 
due to the tension of the belts. This includes all 
belts running on idlers, but the principal amount 
of this friction can be traced to improper leTeling 
of shafting « 

Hewer systems of installations are now In 
use which proride efficiency and economy of line 
shafting operation equal to that of any steam engine. 
This is accomplished by proper alignment. By the in- 
telligent use of shaft aligning devices the only cauQC 
for friction loss of power is the legitimate one of the 
weight of the shafts and the pull of the belts. The 
careful engineer can often, by locating his belts, 
aboTe and below, on one side and the other, arrange 
things 80 that the whole line of shafting will all 
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but float, as Is usaal in installing the ^floating* 
armatures of large continuous ourrent generators « 

Roller bearings and ball bearings permit of 
greatly reducing this line shaft friction. These bear- 
ings replace rubbing friction with rolling friction^ 
applying a principle which has been known and used for 
ages but which has been applied to shafting bearings 
only in more recent years* This type of bearing will 
be dealt with at greater length in a succeeding chapter < 

The increased speed at which machine tools 
are being operated makes the question of providing 
intermediate supports for long shafts a matter of 
much greater importance than was formerly the case* 
If a shaft is deflected while running at* a high speedy 
the action of centrifugal force tends to throw it 
still further out of alignment, this causes vibration 
and pounding, and has the tendency to wear the bearings 
somewhat conical, also there is the danger of the shaft 
snapping or breaking from this constant hammering • 

Deflection of a shaft under these conditions 
may be determined by the same method as for continuous 
beams where the load is uniformly distributed* The 
load will be the weight of the shaft and the support 
will be the bearings at each end* 
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10 

The defltetlon of the shaft due to its own 
weic^t is oonsiderable In some cases » and It is impor- 
tant to realise the adTantage that is gained by haying 
hearings and hangers so placed along the line to sup- 
port the shaft to do away with this deflection as mnch 
as possible and consequently lessen friction due to 
deflection. 
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CHAPfBB III 
EEAROGS ASJ> HMSBHS 

There are many kinds of bearings on the 
market for use in line shafting but any one which 
will gire the ainimain of friction is suitable for 
the purpose. 

Roller bearings are proTing rery popular on 
some of the newer installations. The object is to 
provide a hard surfaoe for the rollers to re voire on, 
a high carbon steel bushing or shaft sleeve, such 
sleeve to be split spirally which allows such bearings 
to be applied to existing shafts without dismantling. 
Advocates claim that when such bearings are properly 
applied they will reduce the friction as much as 50 5^. 

A good lubricant is essential to the efficient 
operation of these bearings. A solidified kind can be 
used but the liquid is preferable . A poor liquid lubri- 
cant is just as good as the best solidified kind. A 
good liquid lubricant is very much better. This lubri- 
cant should contain no acid but should be neutral. The 
trouble with the solidified lubricant is that the oil 
will work out of it leaving the residue, a sort of 
soapt which will gum up the bearings and cause much 
trouble. With an oil this obji never happen. 
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A roller bearing In oonmon use at the present 
time Is the Hyatt* The dlstlnotlre feature of the Hjratt 
flexible roller bearing Is the roller, which is made from 
a strip of steel wound Into a helix or spring of uniform 
diameter # The greatest advantage of a roller of this 
oonstructlon lies In its flexibility, enabling it to 
present at all times a bearing along Its entire length, 
resulting in a uniform distribution of load on the roller 
itself as well as the surfaces on which and In which it 
operates* 

Another type of bearing is one which is pro- 
Tided with a bushing or sleere and is oiled by rarious 
means, most of which are self -oiling and require little 
attention for their efficient operation. Host of these 
bearings hare an oil reserroir, which oil is fed to the 
bearing surface by some means or other • 

The wick-oiling bearing is a self-oiling bear- 
ing proTlding lubrication to the shaft according to the 
demands of the serrice* It is fed from the oil reser- 
roir below to the shaft by capillary attraction « 

The ring oiling bearing is one which has a ring 
which rerolTee and passes through the oil reserroir • This 
ring is driren by the friction of its own wei^t and a con- 
tinuous supply of oil is maintained from the reserroir to 
the top of the shaft from whence it flows orer the entire 
bearing surface • Another bearing similar to this is one 
which has a chain instead of the ring which forms an end- 
less oil conTeyor# 
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CHAPTER lY 
BEITS Airo PULLEYS 

The combination of different types of belts 
and pulleys in any installation of any size is very 
important to its efficiency • 

The split pulley has many advantages over 
the solid pulley and its use is nearly always recom- 
mended « A mistake is made by many factory managers 
in using solid, oast-iron pulleys for all line. Jack 
or counter shafting for driving machinery. Split 
pulleys can be placed in position without interference 
with any other part of the shafting equipment, such as 
removing douplings, hangers, and pulleys in order to 
get the new pulley into place. This ie valuable when 
a machine is to be moved to a new location and is of 
great service when adding new machinery to the line. 
There are no keyseats or set-screws to mar and spring 
the shafting. These pulleys can be made to fit almost 
any size of shafting throughout the plant, all that is 
necessary is to change the bushings for the different 
sizes of diameters of the shafts • 
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Split pulleys are of adyantage eren on oounter- 
shaftlng where tight and loose pulleys are used for 
starting and stoppings as* after a loose pulley has 
been run for a number of years* it beoomes worn in 
the bore of the hub» and the pulley will not run 
snoothly, oauslng unneoessary noise « The pulley 
must then be taken off and rebabbltted or rebored 
and muoh time oan be sared if the pulley is of 
the split type« 

Split pulleys may be of either iron or wood 
and the loose pulley ; proTlded with a split iron 
sleere in the bore of the hub which can be replaced 
when worn without much labor or expense « It is al- 
ways good practice to carry an extra sleere in stock 
for all loose pulleys » as an accident is likely to 
occur at any time due to the neglect of the machine 
operator or the regular oiler to oil the pulley properly • 

Large pulleys should always be used wheneyer 
possible as there is less tendency to slip on account 
of the greater belt contact. An example of this is as 

follows: A 76 x.^.m. engine » transmitting 100 E.'B. 
from a 5 ft» pulley to a 4 ft • pulley had the distance 
between the centers of the pulleys 25 ft» Because of 
the slow engine speed and the relatirely small driving 
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pulley the belt caused considerable trouble by slipping. 
Its Telocity was less than 1200 ft. per minute. A Te- 
locity of 4500 ft. per minute would not be too high. A 
10-ft. driTing pulley and an 8-ft. driTen would giTe 
the same line shaft speed, and there would be less 
tendency of the belt to slip due to the greater belt 
contact. In this case a 40-in. belt was used. By 
doubling the diameteiflof the pulleys the belt speed 
is doubled and its transmission capacity is increased 
two-fold. A belt only one-half as wide or 20 inches 
would therefore suffice and its cost would be only 
one-half as great. The cost of the pulleys would be 
increased but their increased cost would be counter- 
balanced by the decreased cost of the belts, in this case 
the new installation would be $270.00 less. 

There are certain general rules which apply 
in belt calculations which are as follows: 

(1) A single ply belt, one inch wide, running 
at 800 feet per minute, will transmit 1 H. P. 

(2) A double ply belt, one inch wide, running 
at 600 feet per minute, will transmit 1 H. P. 

There is a limit to which increasing the sise 
of the pulley will decrease the cost of the installation. 
This limit would Tary with each individual problem and 
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up to this limit the oombined oost of the belt and 
pulley deoreaees as the else of the pulley in- 
oreaseA. The limiting diameter of standard pulley 
manufacturers is 10 ft., and it probably would not pay 
to go beyond this size as special pulleys would probab* 
ly cost too much to be considered # 

Pulleys are commonly made with a crowned face 
because the conrezity keeps the belt on when rarious 
other things tend to make it run off • There are Tari- 
ous methods and rules for crowning - (1) ^ of belt width 
from l/lE • l/96; (2) Taper of so much a foot l/lO** - 
IJZ^I (3) fancy currest Crowning the pulley tends to 
keep the belt in the center of the pulley # The force 
with which a belt runs to the large end of a cone de- 
pends on the width, so that in the case of a belt run-* 
nlng on the crown face pulley, if it gets out of center 
a greater force on one side than on the other tends 
immediately to force it baok to its proper position • 
A slipping belt will run off a crowned faced pulley 
quicker than from a straight-faced one# When the 
danger of slip is great, particularly in the case 
of a small pulley driren by a large one, it is adri- 
sable to use a moderate crown and proride flanges • 

There are many types of pulleys in use, a 
few of which deserre mention # It must be remembered 
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that pulleys all oome so that hy an arrangement of 
sleeres they can be made to fit any size shaft from 
one rery small to one almost the slse of the bore# 
Oare maat he taken in manufaoturlng these pulleys to 
hare absolute concentricity of the pulley and bushing 
so that it will run true. 

One kind of pulley is the iron center wood 
rim pulley • This combination of wood and iron gires 
high tractile efficiency # The pulleys are made with 
cast-iron hub and arms, the rim being of wood. The 
spider is cast with broad pads on the end of each arm. 
After boring the hub, the pads are turned to a true 
circle and are concentric with the shaft. A wood 
rim is then made of hard wood segments built up, and 
the inside turned to the exact diameter of the spider. 
Bolts fasten the rim t^o pads* Then the edges and outer 
rim face are turned to the proper slae, finished and 
balanced with care. Internal shrinkage strains are 
entirely eliminated, making a pulley perfectly safe 
at any practical speed. This combination construction 
peculiarly adapts It for use in driving machinery 
subjected to severe shocks, or where the power is 
applied intermittently, the effect being absorbed 
within the structure without injury. A pulley of 
this kind has been tested to a rim speed of 5 l/Z 
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miles per mlnate with no resultant damage. In this 
type of pulley lighter helts and less tension can he 
used with a corresponding redaction in pressure on 
bearings, all of which results in decreased friction. 

A wood split pulley is another form. This 
pulley is made entirely of wood. The arm construction 
of a pulley requires more than incidental attention » 
in fact, it is the weak point in pulley building, and 
as a chain is no stronger than its weakest link, so 
likewise is a pulley no stronger than its arm con- 
struction. The arms should be made up in pairs ex- 
tending diametrically across the shaft, from rim to 
rim, by means of which integral double lerers are 
formed* These arms are dovetailed and wedged into 
proper recesses made in the rims, then glued and 
anchored by means of anchor bolts, extending through 
each end of the arms and into a malleable anchor 
nut, which is imbedded into the rim. 

Another type of pulley is the Split Iron 
Pulley. The rim is cast whole, then split by frac- 
ture on the parting line. TThen the pulley is mounted 
on the shaft and the fractured edges of the rim are 
matched and bolted, they fit together almost as tight 
as a solid rim pulley. These pulleys are made of cast 
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iroiit are non-flezibla and stay exactly round and 
trae and in balance, Juet as they leare the shops • 
They don't pull out of shape when put under a belt, 
and they hare no rlTeted joints to work loose or 
shear • 
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CHAPTER T 
OLUTCHBS 

Probably tbe most Important part of effi- 
oient operation of line shafting is a olutoh wbioh 
will be strong and powerful, yet efficient • 

There is a lack of information glTen by 
many manufacturers. They seldom have any informa- 
tion in regard to the ••piok-up'* capacity of the 
clutch and they seldom glTe their starting torque 
in their catalogs. The purchaser of clutches for 
mill or shop work, if he buys one large enough to 
transmit the power wanted at running speed, should 
make sure it has capacity enough to start up from 
rest under all conditions of ope rati on • When run- 
ning fast, the "pick-up** capacity of a clutch is 
inversely proportional to the speed while its trans- 
mitting power is directly proportional to the speed* 

The starting torque of the common friction 
clutch is a constant up to a certain speed of the 
friction surfaces of the driving shaft, aud beyond 
this point, it rapidly drops. The work done by a 
clutch in '•picking-up'* a load is directly proportional 
to the moment required to turn the mechanism to which 
it is attached, or, in other words, is directly propor- 
tional to the weight of the load* 
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The power transmitted by a clutoh when 
'•pioking-up* a load is directly proportional to the 
square of the velooity of the mechanism to which it 
is attached* That is to say; if we doable the speed 
of the driving shaft and then throw in our clutch on the 
same load, the power transmitted to start up the same 
machine from rest to double the normal speed will be 
four times as great as the work required of the clutch 
to start the same machine at normal load in the same 
time. 

There are two clutches which we have given 
special attention to as being especially adapted to 
the work required in this special case. They are 
the Johnson Friction Clutch and the Brown ring oiled 
clutch • 

The Johnson Friction Clutch is manufactured 
by the Carlyle Johnson Machine Company, of Manchester » 
Conn. This clutch has but few parts and is very com- 
pact. A body fastened to a shaft carries a split ring 
in which are inserted a pair of levers. A curve shaped 
wedge, which is made part of a shipper sleeve, forces 
the levers apart, expanding the ring, bringing its outer 
surface into frictional contact with the inner surface 
of the friction cup, the hub of which is made to suit 
requirements. The leverage is so compounded that it 
requires but little pressure to operate the clutch. 
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One serew which moves two taper blocks, set 
into the levers, adjusts the contact of the ring and 
cup to any tension. This is easily reached with a 
screw-driver through a hole in the friction cup. The 
perfectly smooth shipper sleeve entirely covers the 
working parts so no dirt ccm get near them. The double 
clutch requires but little more space than the single 
and has two friction cups with hubs, on which can be 
mounted pulleys, cones, gears, etc*, of any diameter 
and face* 

These clutches are small and compact and are 
very powerful for their size but this type of clutch 
does not transmit a great deal of power and the largest 
this clutch is made is up to 6 H, P* at any speed. 
These clutches have a driving collar which obviates the 
necessity of keyseatlng the shafting and a self -oiling 
bearing which is supplied for greater speeds than 300 
R^P.M. and above 500 R.P.M*, a bronze self-oiling bear- 
ing is supplied. 

The Johnson Company makes the following claims 
for its clutch: (1) It is small, powerful, simple, neat, 
operating easily and quietly, (2) Has but few parts, 
each made absolutely interchangeable. (3) It is nicely 
balanced and runs at high speed without vibration. (4) 
It is round and smooth, with no protruding parts, making 
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aeeldents impossible • (5) Bo bolts, nuts, links, etc*, 
to become loose and cause trouble* (6) Can be instantly 
adjusted to any tension with one screw. (7) Working 
parts are entirely coTered and kept free from dirt. 
(8) It is made both single and double. 

The clutch is designed particularly for light 
power and is not a heavy powered type, and it is seldom 
that any slse is put out to transmit more than from 6 
to 7 E« P. at any speed. There are certain conditions 
where these clutches will transmit up to 30, 40 and 
50 H* P. in the larger sises, if properly made to meet 
the requirements so that these can be run in oil, and 
have the proper bronse bearings, etc., but we will not 
meet this condition in our design. 

The Brown Engineering Company of Reading, Pa., 
put out a clutch especially adapted for this kind of 
work called '^The Ring Oiling Clutch.** This clutch is 
adapted for heavy power and also high speed. It is 
oiled by placing a receptacle for oil at the end of 
the sleeve, placing a ring on the shaft, traveling 
with the shaft and carrying the oil to the top of the 
shaft, grooving the sleeve spirally, permitting the 
oil to travel along the grooves and giving the shaft 
a free and constant flow of oil. The clutch is de- 
signed to meet the rulings by the various commissions 
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on safety deyloes by enoloelng all moTing parts in a 
oast iron housing. By using steel rolls for oompression' 
menbets,: and plaoing hardened steel plates on the disos 
a great deal of wear is eliminated as a rolling motion 
is substituted for a sliding motion. 

In direot driTe work this olutoh is especially 
adaptable # It is mounted on the shaft aboTe each machine 
with a removable pulley thereon. The sleeyes of these 
clutches are ring-oiling as described above and are as 
reliable as the regular line shaft hanger bearing* They 
oil in proportion to the speed and require lubrication 
but Qias in four to six weeks « run satisfactorily at 
line-shaft speeds as high as 800 R«F.M«, and are not 
affected by centrifugal force. 

This system is in line with the modem ten- 
dency to divide manufacturing plants into departments, 
assembling machines of a like nature under short lengths 
of driving, and group driving. With the shafting mounted 
with the better class of anti-friction bearings, this 
method of power distribution is one of the most economi- 
cal in existence. The first cost is less than either the 
countershaft or individual motor system, and the cost 
of operation is much less than either. 
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Another olutoh worthy of oonslderatlon is 
the Dodge Solid Friction Clatoh, manufaotured hy the 
Dodge Manufacturing Company of Hiehawaka, Ind. These 
clutches are of the disc type and inade in both split 
and solid patterns* The compression is in line with 
the shaft and is not affected by centrifugal force, 
as is the clamping of the rim or ring type. The split 
clutch has one disc, filled with hard maple blocks, 
the end grain of which is presented to the driving 
and clamping plates* The driving plate is keyed to 
the sliaft; the outside clamping plate, by a movement 
of a lever, brings the wooden blocks in contact with 
the driving plate and when in full clutch, the wood- 
filled disc is securely clamped between the two plates* 
This clutch is split throughout and can be mounted on 
the shaft without taking down the shafting or interfering 
with any other equipment thereon, it has a detachable 
sleeve, by means of which any type of pulley, sheave, 
gear or sprocket wheel, may be used* (These articles 
of any sise within the capacity of the clutch.) Another 
principal feature is the interchangeability of sleeve, 
hub or quill, by means of which the mechanism may be 
used for a clutch pulley, a cut-off coupling or a quill 
outfit* The sleeves may be bored from cast iron, or 
babbitted or bronze bushing, as desired* 
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CHAPTBH VI 
MTEOD USED 

▲ general surrey was first made of the oon- 
dltlons oontrolllng the Tarlous factors In dlreot 
line shaft driylng* Articles pertaining to the work 
were read and notes taken In order to get the newest 
ideas on the subject • Letters were written to manufac- 
turers of line shafting appliances and clutches, and 
their ideas and catalogs were obtained* 

Each machine in the University shop which was 
to go into the new design was measured and its step 
cones located. Small cards laid out to a certain scale 
were cut out to represent these machines and the cones 
located thereon. ¥he shop was then laid out to else and 
the various posts and obstructions located* It was decided 
to put the tool room in the center of the length of the 
shop and extending out from one side to within three 
feet of the center. This will give ample room for all 
tools and supplies necessary. The tools are to be dis- 
tributed from one central window as better adapted to 
the peculiar requirements* 

The cards representing the machlnefl were 
then shifted around to get the best arrangements. It 
was decided to lay the machines out in two groups on 
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eltlier side of the tool room so that each group would 
he complete in itself with lathes, planers, and mill- 
iiig machines. In this manner two classes under 
separate instructors could work absolutely independent 
of each other. An 8-ft. aisle was allowed down the 
center of the shop and the machine tools located on 
either side thereof • 

A friction clutch was designed after the 
manner described in the foregoing chapters. A system 
pf two clutches and a set of planetary gears were used 
as is shown in t}ie accompanying drawings. By a system 
of levers t on engaging the right hand clutch, the left 
hand one is automatically disengaged and the cone is 
driven the same speed as the shaft. On engaging the 
left hand clutch the right one is disengaged and the 
cone direction is reversed. It is now driven through 
a system of planetary gears which speed up the cone 
30 ^ over the shaft speed. 
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